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having multiple sections, each section having a different period or different refractive index. 
In this example, a light signal 150 having an undesirable spectrum encounters grating 110. 
Depending on the design of grating 110, specific wavelengths of light signal 150 are coupled 
into a lossy cladding mode 140, which ultimately exits the fiber and is lost. Gratings such as 
depicted in FIG. 2, having varying period or index of refraction are difficult to manufacture. 
It is also difficult to design a grating having a varying period to have a desired spectral shape 
and such gratings may not be able to be formed for certain complicated spectrums. 

Referring now to FIG. 4, a gain flattening filter formed in accordance with the 
present invention is illustrated. FIG. 4 depicts a section of optical fiber 310 having a core 
portion 3 1 5 surrounded by a cladding layer 320. A series of long period gratings 340, 350, 360, 
and 370 are formed in the core portion 315 of optical fiber 310. While the refractive index 
modulation and the average refractive index are preferably the same for all of the gratings in 
the series, each grating section may have a different length, that is, a different number of 
perturbed and unperturbed regions. Gratings 340, 350, 360, and 370 are separated by intervals 
380, 390, and 400 in the core portion. Intervals 380, 390, and 400 are typically between 0.1-10 
grating periods in width, and preferably, the optimum optical length of the intervals range from 
1 and 2 grating periods in width. It is well known in the art that the optical length of a medium 
depends not only on the physical length of the medium, but is also a function of the index of 
refraction of the medium. As will be discussed in more detail below, the precise optical length 
of each interval between the gratings comprising the gain flattening filter of the present 
invention may be tuned to optimize the transmission spectrum of the gain flattening filter. 

Central to the mode of operation of the gain flattening filter of the present 
invention is utilization of gratings, that due to the design of the gratings, couples a light signal 
400 encountering the gain flattening filter of the present invention from the guided core mode 
to a guided cladding mode such that both core and guided cladding modes are co-propagating. 
For example, grating 340 couples light from the core mode 400 of the fiber into guided 
cladding mode 420. Each subsequent grating, couples light from the guided cladding mode 420 
back into the core mode 410 or from the core mode 410 into the guided cladding mode 420. 
This mode of operation differs substantially from that described with reference to the prior art 
in that the fundamental mode of light transmitted through the core is coupled into a guided 
cladding mode of the fiber rather than into a lossy mode. 

The number of periods of each grating and the optical length of the region 
separating adjacent gratings determines the spectrum of light that exits the filter. A principle 
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y = 2iz/A- (k x -k^ - detuning of core and cladding wavevectors from the 

resonance, and 

P = (y + d)*/2. 

Detuning parameter y can be approximated with a second-order polynomial function of 
wavelength X: 

y = a ! *(X-X 0 ) + a 2 *(X-X ( ) 2 , 
where \ is the resonance wavelength of the grating and coefficient a l and 2^ may be found 
experimentally. 

The transmission spectrum T (X) is calculated by using a unit intensity of 
light in the core mode and no light in the cladding mode at the input, and rejecting the 
cladding mode at the output: 

X in = l,Y in = 0 

When AT uniform gratings are stacked together with phase shifts <p n between 
them, the calculation of the total transmission spectrum is as follows: 
XJ'> = YJ'^0 

Xj 9 -Xj>, Yj 2 > = Yj» exp foj 



*J n) =Xj"-'>, Yj"> = Yj-» exp (i<p n J 
X>" =X 0 f' > , Y™ = Y m r exp (i<p N J 



t(x) = \x ou r I 2 

Referring now to FIG. 7, a method of forming and fine tuning the long period 
gratings of the present invention is set forth. The procedure for forming the long period 
gratings of the present invention is broken down into two general phases. In the first phase, as 
indicated by the process set forth in box 800, the long period grating of the present invention 
is formed in the optical fiber. Using the parameters calculated as set forth above, the optical 
fiber is exposed to light at an appropriate wavelength, generally ultraviolet light, in box 805. 
During this exposure individual perturbed areas of the optical fiber are written into the fiber in 
order to form the grating. Typically, this exposure is accomplished by mounting the optical 
fiber in a suitable fixture and mechanically translating the optical fiber relative to a finely 
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having multiple sections, each section having a different period or different refractive index. 
In this example, a light signal 150 having an undesirable spectrum encounters grating 110. 
Depending on the design of grating 110, specific wavelengths of light signal 150 are coupled 
into a lossy cladding mode 140, which ultimately exits the fiber and is lost. Gratings such as 
depicted in FIG. 2, having varying period or index of refraction are difficult to manufacture. 
It is also difficult to design a grating having a varying period to have a desired spectral shape 
and such gratings may not be able to be formed for certain complicated spectrums. 

Referring now to FIG. 4, a gain flattening filter formed in accordance with the 
present invention is illustrated. FIG. 4 depicts a section of optical fiber 310 having a core 
portion 3 1 5 surrounded by a cladding layer 320. A series of long period gratings 340, 350, 360, 
and 370 are formed in the core portion 315 of optical fiber 310. While the refractive index 
modulation and the average refractive index are preferably the same for all of the gratings in 
the series, each grating section may have a different length, that is, a different number of 
perturbed and unperturbed regions. Gratings 340, 350, 360, and 370 are separated by intervals 
380, 390, and 400 in the core portion. Intervals 380, 390, and 400 are typically between 0. 1-10 
grating periods in width, and preferably, the optimum optical length of the intervals range from 
1 and 2 grating periods in width. It is well known in the art that the optical length of a medium 
depends not only on the physical length of the medium, but is also a function of the index of 
refraction of the medium. As will be discussed in more detail below, the precise optical length 
of each interval between the gratings comprising the gain flattening filter of the present 
invention may be tuned to optimize the transmission spectrum of the gain flattening filter. 

Central to the mode of operation of the gain flattening filter of the present 
invention is utilization of gratings, that due to the design of the gratings, couples a light signal 
400 encountering the gain flattening filter of the present invention from the guided core mode 
to a guided cladding mode such that both core and guided cladding modes are co-propagating. 
For example, grating 340 couples light from the core mode 400 of the fiber into guided 
cladding mode 420. Each subsequent grating, couples light from the guided cladding mode 420 
back into the core mode 410 or from the core mode 410 into the guided cladding mode 420. 
This mode of operation differs substantially from that described with reference to the prior art 
in that the fundamental mode of light transmitted through the core is coupled into a guided 
cladding mode of the fiber rather than into a lossy mode. 

The number of periods of each grating and the optical length of the region 
separating adjacent gratings determines the spectrum of light that exits the filter. A principle 
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y = 2n/A- (k x -kj - detuning of core and cladding wavevectors from the 

resonance, and 

f} = (y + d)*/2. 

Detuning parameter y can be approximated with a second-order polynomial function of 
wavelength X: 

where \ is the resonance wavelength of the grating and coefficient a, and ^ may be found 
experimentally. 

The transmission spectrum T (X) is calculated by using a unit intensity of 
light in the core mode and no light in the cladding mode at the input, and rejecting the 
cladding mode at the output: 

X in = l,Y in = 0 

When W uniform gratings are stacked together with phase shifts <p n between 
them, the calculation of the total transmission spectrum is as follows: 



Xj n) =X 0 J n ' 1} , Yj n) = YJ* exp M 
-XJT. - TJT exp (i<p N J 



T(X)= \XJ<> I 2 

Referring now to FIG. 7, a method of forming and fine tuning the long period 
gratings of the present invention is set forth. The procedure for forming the long period 
gratings of the present invention is broken down into two general phases. In the first phase, as 
indicated by the process set forth in box 800, the long period grating of the present invention 
is formed in the optical fiber. Using the parameters calculated as set forth above, the optical 
fiber is exposed to light at an appropriate wavelength, generally ultraviolet light, in box 805. 
During this exposure individual perturbed areas of the optical fiber are written into the fiber in 
order to form the grating. Typically, this exposure is accomplished by mounting the optical 
fiber in a suitable fixture and mechanically translating the optical fiber relative to a finely 
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